Nucleotide sequences were determined for the complete S genome segments of the six distinct hantavirus genotypes from Argentina and for two cell culture-isolated Andes virus strains from Chile. Phylogenetic analysis indicates that, although divergent from each other, all Argentinian hantavirus genotypes group together and form a novel phylogenetic clade with the Andes virus. The previously characterized South American hantaviruses Laguna Negra virus and Rio Mamore virus make up another clade that originates from the same ancestral node as the Argentinian/Chilean viruses. Within the clade of Argentinian/Chilean viruses, three subclades can be defined, although the branching order is somewhat obscure. These are made of (i) "Lechiguanas-like" virus genotypes, (ii) Maciel virus and Pergamino virus genotypes, and (iii) strains of the Andes virus. Two hantavirus genotypes from Brazil, Araraquara and Castello dos Sonhos, were found to group with Maciel virus and Andes virus, respectively. The nucleocapsid protein amino acid sequence variability among the members of the Argentinian/Chilean clade does not exceed 5.8%. It is especially low (3.5%) among oryzomyine species-associated virus genotypes, suggesting recent divergence from the common ancestor. Interestingly, the Maciel and Pergamino viruses fit well with the rest of the clade although their hosts are akodontine rodents. Taken together, these data suggest that under conditions in which potential hosts display a high level of genetic diversity and are sympatric, host switching may play a prominent role in establishing hantavirus genetic diversity. However, cospeciation still remains the dominant factor in the evolution of hantaviruses.
Hantaviruses, members of the Bunyaviridae family, are enveloped, single-stranded, negative-sense RNA viruses (10) . The virus genome consists of three segments, designated large (L), medium (M), and small (S), that are packed into helical nucleocapsids. These segments encode the RNA polymerase (20, 42) , a glycoprotein precursor that is cotranslationally processed to yield two envelope glycoproteins (G1 and G2) and a nucleocapsid (N) protein, respectively (38, 42) .
Each hantavirus is typically predominantly associated with a specific rodent host indigenous to the geographic area from which the hantavirus was characterized (15, 21, 30, 32, 33) , although there appear to be occasional occurrences of spillover infections in related rodent species (3, 5, 15, 27, 28, 41) . According to most studies, the rodent host appears to be an asymptomatic carrier with a persistent lifetime infection (21, 51) . However, recent data indicate that North American SinNombre-like viruses cause some pathology within their reservoir hosts (25, 31) . The genus Hantavirus includes approximately 30 distinct virus serotypes/genotypes (20, 38, 39) . As only a small percentage of known rodent species has been examined for the presence of hantavirus genetic material, this number is likely to increase. In North America, hantaviruses are the cause of hantavirus pulmonary syndrome (HPS), a severe respiratory illness with a greater than 40% mortality rate (6, 8, 28, 43, 44) . Since the 1993 identification of HPS in the United States (32) , many new hantaviruses have been discovered throughout the New World.
During the last decade, epidemiological and serological data have provided evidence of hantavirus-positive rodents and HPS-like human disease in several South American countries (1, 14, 17, 36, 49, 52, 53, 55, 56 ; S. C. Levis, G. E. Calderon, N. Pini, T. G. Ksiazek, C. J. Peters, and D. A. Enria, 5th Argent. Congr. Virol., abstr. 144, 1996). As a result, several distinct hantavirus genotypes have been described in South America. These include Rio Mamore (RM) virus, amplified and sequenced from the sigmodontine rodent Oligoryzomys microtis collected in Bolivia (1, 14) ; Andes (AND) virus recovered from a human HPS case autopsy and O. longicaudatus rodents from southern Argentina (7, 24, 35, 48, 53) ; and LN virus recovered from Calomys laucha rodents and human HPS case samples in Paraguay (17) . Three novel HPS-associated hantavirus genotypes, whose rodent hosts are unknown, were identified from human HPS cases that occurred in Brazil. These are Juquitiba virus, the causative agent of the 1993 Brazilian HPS cases (49) , and the Castelo dos Sonhos (CAS) and Araraquara (ARA) viruses, which are responsible for three fatal HPS cases occurring in 1995 and 1996 (18) . More recently, two distinct hantavirus genotypes, Choclo virus (from O. fulvescens) and Calabazo virus (from Zygodontomys brevicauda), were genetically identified in Panama, and the former virus was associated with human HPS cases (50) .
Finally, six novel genetically related virus genotypes from the three major foci of hantavirus infections in Argentina (the northwestern, central, and southwestern regions [22, 23, 36]) were partially genetically characterized in our laboratory (22, 23 (22, 23) . Analysis of a 1,654-nucleotide (nt) M segment fragment showed these six Argentinian virus genotypes to be monophyletic and to group together with AND virus (23) . The genotypes LEC, BMJ, ORN, and Hu39694 are most closely related and make up a well-supported subclade (23) . However, phylogenetic analysis of the M genome segment-derived nucleotide sequences failed to resolve conclusively the interrelationships of the PRG, MAC, and AND viruses within this clade.
In the present study, the complete S segment nucleotide sequence was determined for the six novel Argentinian hantavirus genotypes and for two cell culture-isolated AND virus strains from Chile. The primary aim of the S segment sequencing was to further analyze the phylogenetic relationship among the newly recognized Argentinian genotypes and previously characterized New World hantaviruses since the M segment sequence data are not available for these previously known viruses. Additional objectives were to examine aspects of the molecular epidemiology and evolution of the Argentinian/ Chilean hantaviruses.
MATERIALS AND METHODS
Patient and rodent samples. For this study, one human blood sample and five rodent tissue samples, described previously (23), were used (Table 1. ). Briefly, the human sample (Hu39694) was obtained from an HPS patient residing in Pergamino who contracted HPS at an unknown location. The rodent samples were from Oran, in the Salta province of northwestern Argentina (O. longicaudatus /ORN and O. chacoensis/BMJ) and from Pergamino (A. azarae/PRG), the Lechiguanas Islands (O. flavescens/LEC), and Maciel (N. benefactus/MAC) in central Argentina. In addition, two AND virus isolates, AND/Chile/OL58/97 and AND/Chile/OL123/97, referred to as strains AND58 and AND123, respectively, were used. The O. longicaudatus lung tissue samples studied (kindly provided by T. Ksiazek, Centers for Disease Control and Prevention, Atlanta, Ga.) were collected in the Aysen region of Chile (48) , and the two strains mentioned above were subsequently isolated and grown in cell culture in our laboratory.
Extraction and preparation of total RNA. Total RNA was extracted from human and rodent samples, and the procedures were performed in a laminarflow hood located inside a biosafety level 3 facility. The RNaid PLUS kit (Bio 101, Inc., La Jolla, Calif.) was used to extract RNA from 100 mg of tissue or 20 l of blood in accordance with the manufacturer's recommendations. RNA was purified with RNA matrix beads, eluted with 30 l of RNase-free H 2 O, and stored at Ϫ80°C.
Nested reverse transcription-PCR and sequence analysis. cDNA syntheses using virus RNAs and subsequent nested PCRs were performed as previously described (23) . Amplified products from the nested PCRs were analyzed by gel electrophoresis. Fragments of the expected sizes were excised from the gels and purified with the GeneClean Kit (Bio 101, Inc.) in accordance with the manufacturer's recommendations. Purified PCR products were sequenced directly with the dRhodamine Terminator Cycle Sequencing Kit as specified by the manufacturer (Applied Biosystems, Inc., Foster City, Calif.) and subsequently analyzed with an ABI Prism 310 Genetic Analyzer as previously described (Applied Biosystems, Inc.) (23) .
Oligonucleotide primer design. The first-round primers used, with slight modifications, have been described previously and were based upon conserved regions of characterized hantaviruses to encompass the entire S segment open reading frame (ORF) (9) . The nested second-round primers subsequently used have been previously described (11) . To amplify the long variable 3Ј noncoding region (NCR), first-and second-round reverse primers were designed based on the El Moro Canyon (ELMC) virus sequence (12) at nucleotide positions 1872 and 1850, respectively, of the cRNA. The forward primers were based upon sequence data from the 3Ј end of the N gene ORFs of the specific viruses under study as the data became available. All sequence gaps were filled in with virusspecific primers. A previously described primer that contains the generic hantavirus terminal sequence (29) was used to obtain remaining portions of the S segment sequence close to the termini. Specific primer sequences are available upon request.
Sequencing of the 5 and 3 termini of virus RNA. The exact nucleotide sequences of the 5Ј and 3Ј termini of the LEC and AND (AND58) virus S segments (sequenced from both the 3Ј and 5Ј sides) were determined by the RNA ligation method described previously (26) . In earlier studies, it was determined that viral genomic RNAs are effective substrates for direct ligation of the 5Ј and 3Ј ends (4, 26) . Briefly, ligations were done with 4 l of viral genome RNA in a reaction mixture containing 5 U of T4 RNA ligase (Promega, Madison, Wis.), 12 U of the RNase inhibitor RNasin (Promega), and ligation buffer (50 mM Tris [pH 7.8], 10 mM MgCl 2 , 5 mM dithiothreitol, 1 mM ATP). The reaction mixture was incubated at 37 o C for 30 min, and then 5 l of the ligated virus RNA was used in the first-round PCR. All of the primers used were specific for the S segment being analyzed. For the BMJ, ORN, Hu39694, AND123, MAC, and PRG viruses, nucleotide sequences were obtained through the ligation region from the 3Ј side.
Nucleotide sequence comparison and phylogenetic analysis. Sequence overlaps were obtained with the AutoAssembler computer program. Alignments and comparisons of the hantavirus S genome segments were performed with the LINEUP and PILEUP programs of the GCG (Genetics Computer Group, Madison, Wis.) software package. Nucleotide sequence differences were accessed with the GAP program of the GCG software package. Phylogenetic analyses of the nucleotide sequences (the entire S genome segment and the N gene ORF) and the N protein sequences of different hantaviruses were performed with both PAUP version 3.1.1 (45) and PAUP* version 4.0b8 (46) computer program software. Routinely used methods for reconstruction of hantavirus phylogeny included the maximum-parsimony (MP) method (supported by both PAUP version 3.1.1. and PAUP* version 4.0b8), the distance-based neighbor-joining (NJ) method (supported by PAUP* 4.0b8), and quartet puzzling (supported by PAUP* 4.0b8). The more computationally intensive maximum-likelihood (ML) method, supported by PAUP* 4.0b8, was also used to analyze a smaller subset of the sequence data that included two novel hantaviruses from Brazil (18) .
In MP analyses, phylogenetic trees were obtained by the heuristic search method using either equal weighting of all changes or weighting of transversions over transitions. Weighting schemes of 3:1, 6:1, and 10:1 (which represent esti- mated transition/transversion ratios within major virus clades, within small subclades, and among closely related strains of the same virus, respectively) were employed. Gaps were treated alternatively either as missing data or as a fifth character state. Analyses of the deduced N protein amino acid sequences were conducted by using either equal weighting of all changes or the amino acid weighting matrix found in the PROTPARS example file of the PAUP software package. NJ analysis employed several distance corrections supported by PAUP* 4.0b8. However, the Kimura two-parameter algorithm (with or without gammadistributed rate variation across the site) was used in the majority of the NJbased phylogenetic reconstructions. Bootstrap confidence limits were obtained by 1,000 heuristic (MP) or Kimura two-parameter (NJ) search repetitions. The previously published sequences of the hantavirus S genome segments used in this study are listed in the legend to Fig. 1 . Nucleotide sequence accession numbers. The nucleotide sequences reported here have been submitted to the GenBank database and assigned accession numbers AF291702 and AF482712 through AF482717.
RESULTS
Sequence analysis of the S genome segment of the six Argentinian and Chilean hantavirus genotypes. The nucleotide sequences of the S genome segments of the six virus genotypes from Argentina and the two virus strains from Chile were determined. The sequences of the S genome segments from the LEC, BMJ, ORN, Hu39694, AND58, MAC, and PRG viruses, respectively, are 1,938, 1,934, 1,919, 1,900, 1,871, 1,869, and 1,860 nt long. The sequences of the S segment termini were determined directly for the LEC and AND58 virus genotypes as described in Materials and Methods. For the rest of the viruses in this study, 3Ј-terminal virus RNA sequences were derived by sequencing with the generic primer mentioned in Materials and Methods (29) . However, since the terminal 8 nt at the 3Ј and 5Ј ends are invariant in all three genome segments of the eight representatives of the currently known serologic groups of the Hantavirus genus (4), it is most probable that these nucleotides are identical in the viruses in this study as well. Comparison of the 3Ј and 5Ј termini of the viral RNA shows complementarity between the terminal 22 nt, with two mismatches at positions 9 and 19 and a noncanonical G ⅐ U pair in the viral RNA sense at position 10.
The first potential methionine initiation codon for all seven viruses is located at nucleotide position 43 from the 5Ј terminus of the cRNA, and this ORF terminates at nucleotide position 1326. The ORF, 1,287 nt long, has the potential to code for the putative 429-amino-acid (aa) N protein. A second small overlapping ORF was found in all seven of the viruses in this study (the LEC, BMJ, ORN, Hu39694, AND, MAC, and PRG viruses). The methionine initiation codon for the putative second ORF starts at nucleotide position 122 (76 nt downstream from the initiation codon of the N protein) and extends to a termination codon at nucleotide position 311. This ORF potentially codes for a 64-aa protein. As seen with previously analyzed viruses (2, 29, 37, 40, 44) , a lower third-base substitution frequency in this region provides theoretical evidence that this second ORF codes for a functional protein in the Argentinian viruses. However, there are no experimental data that support the functionality of this second ORF. No additional ORF capable of encoding proteins of more than 50 aa was found on either strand.
The 3Ј NCRs of the Argentinian/Chilean LEC, BMJ, ORN, Hu39694, AND (AND58), MAC, and PRG virus cRNA S segments are 609, 605, 590, 571, 542, 540, and 531 nt long, respectively. As with all previously characterized hantaviruses, this region is relatively variable in sequence. A more detailed analysis of the 3Ј NCR nucleotide sequence disclosed the presence of a number of precise and imprecise repeats. For instance, a search of the 3Ј NCR for precise repeats 8 bases long (Repeat Program; GCG) showed 5 (Hu39694 virus) to 11 (LEC virus) various repeated motifs in the 3Ј NCR. While most of the repeats seen were unique to the particular virus genotypes, others appeared to be shared, especially among the genotypes that were most closely related phylogenetically. The most prominent repeats observed in the NCRs of all of the Argentinian/Chilean viruses (cDNA sense) included short GGGT (triple-G-containing) repeats and the CTACCTCA (Crich) repeats. The former sequence, or the sequence with one base mismatch, appeared several times in the region (approximately between positions 1330 and 1500 in different virus genotypes). The latter repeats are located close to the S segment 5Ј end and occur three times in all of the Argentinian/ Chilean virus genotypes, with the exception of the MAC and AND123 viruses, where one of the copies has a one-base mismatch. Among the repeats shared by the most closely related viruses, the most prominent appears to be the sequence ATTGCTT, which is present in the LEC, BMJ, ORN, and Hu39694 viruses.
Phylogenetic relationship of the Argentinian and Chile hantavirus genotypes. Analysis of nucleotide sequence differences in the entire S segment and the N gene ORF (Fig. 1A to C) confirmed the existence of seven distinct Argentina/Chile hantavirus genotypes. As was seen with the M segment of these viruses (23), the genotypes are genetically unique in comparison with previously characterized hantaviruses. All South American hantaviruses form a new, distinct, and well-supported clade that diverges from the same ancestral node as three other groups of New World hantaviruses (i.e., Peromyscus-borne viruses, Reithrodontomys-borne viruses, and Oryzomys/Sigmodon-borne viruses). Within the clade of South American hantaviruses, the seven genotypes described in the present study show a distinct evolutionary divergence from the LN and RM viruses found in Paraguay and Bolivia, respectively (1, 17) . Strong support for these nodes is provided by bootstrap analysis (Fig. 1A to C) .
Within the clade composed of the Argentinian hantaviruses and the Chilean AND virus, the S segment-based phylogenetic reconstructions reveal three distinct subclades. The first subclade (LEC-like virus genotypes) is made up of the LEC, BMJ, Hu39694, and ORN genotypes, with the LEC and BMJ genotypes being the most closely related. A nucleotide sequence comparison of the ORFs of these two viruses shows 91% similarity between the LEC and BMJ viruses. Other genotypes within this subclade display about 86% nucleotide similarity ( Table 2 ). The akodontine rodent-borne PGM and MAC genotypes are placed together in the second subclade. Finally, strains of the AND virus form the third subclade. Our analysis cannot resolve decisively the branching order of the three subclades within the clade of Argentinian/Chilean hantavirus genotypes; however, some phylogenetic reconstructions (Fig.  1B) show a certain affinity between the AND virus and the LEC-like genotypes.
For the virus genotypes in this study, S segment-and N ORF-based phylogenetic trees display branching orders very similar to that of the tree based on a 1,654-nt fragment from the M coding region (23) . Based on this observation, there is no indication that genetic reassortment has occurred among these seven virus genotypes.
Finally, ML analysis of a 643-nt N gene region (Fig. 2 ) placed two recently recognized pathogenic Brazilian hantavirus genotypes, ARA and CAS, within the clade of Argentinian/ Chilean viruses together with the MAC and AND viruses, respectively.
DISCUSSION
The GenBank hantavirus database contains a larger number of complete S genome segment than complete M genome segment nucleotide sequences. Since incorporating the additional genetically related taxa into a typical analysis usually leads to better phylogenetic resolution, we proceeded to amplify and sequence the entire S genome segments of the Argentinian and Chilean hantaviruses mentioned above. Not surprisingly, the S genome segment nucleotide sequences of these virus genotypes appear to be quite conservative, with the nucleotide sequence identity among different genotypes ranging from 79 to 91% (Table 2 ). This is reminiscent of the situation with the North American SN-like viruses, where genetically distinct genotypes specifically associated with closely related species or distinct subspecies of Peromyscus rodents reach a similar degree of genetic diversity (13, 28, 30, 43) . Interestingly, the large S segment-derived ORF of the Argentinian/Chilean virus genotypes is exactly the same length (429 aa) as that of the prototype Hantaan virus (42) (12, 29, 44) . The N protein of the Argentinian/Chilean genotypes displays the same degree of within-group amino acid sequence identity (94 to 96%) as that of the previously investigated North American SN-like viruses (30) . In all previously characterized hantaviruses, the nucleotide sequence of the S genome segment 3Ј NCR is quite variable and contains numerous imprecise oligonucleotide repeats, with the 3Ј NCR length ranging from 331 nt in Prospect Hill (PH) virus to 728 nt in SN virus (37, 44) . Although the Argentinian/ Chilean virus genotypes are genetically closely related, they also display a significant degree of 3Ј NCR length variability, with lengths ranging from 531 nt in PRG virus to 609 nt in LEC virus. The 3Ј NCR length does appear to correlate directly with the genetic relatedness of these genotypes. This can be seen from the positions of the LEC (609 nt) and BMJ (604 nt) virus genotypes, as well as the MAC (540 nt) and PRG (531 nt) virus genotypes, on the phylogenetic tree (Fig. 1A to C) . These closely related virus genotypes also share a greater number of the characteristic imprecise oligonucleotide repeats. Others (34) consider AND virus to be the prototype South American hantavirus that encompasses all Oligoryzomys-borne virus strains. Our studies show that it is AND virus that appears to be the most divergent member of the clade of Argentinian/ Chilean viruses with respect to S segment 3Ј NCR length and nucleotide sequence features (i.e., sequence divergence, as well as characteristic nucleotide repeats and short deletions/ insertions). Analysis of the S segment cRNA 3Ј NCR nucleotide alignment of Argentinian viruses (data not shown; alignment available upon request) reveals additional interesting features. Genetic diversity appears to vary significantly throughout the entire 3Ј NCR, with several conserved "islands" surrounded by hypervariable regions. The most prominent conserved islands are located at approximately alignment positions 1410 to 1445, 1451 to 1471, 1502 to 1522, 1670 to 1700, 1795 to 1825, and 1830 to 1886 and also include the last 5Ј-terminal 37 nt. Some of these islands are likely to represent functional nucleotide motifs that have been implicated in transcription termination (repeated triple-G-containing motif) (16, 29, 34) or virus replication (repeated CTACCTCA motif) (34, 40) or are involved in some unknown functions. Hypervariable regions seem to evolve very rapidly. Only among the most closely related virus genotypes (for instance, among three strains of AND virus or among LEC and BMJ virus genotypes) can such regions be easily recognized as variations that have originated through the introduction of multiple nucleotide substitutions and small deletions/insertions into the common ancestral sequence. However, such comparisons of the hypervariable regions become more difficult to perform as one compares more divergent members of the clade. The ability of the complementary 3Ј and 5Ј termini of the genomic RNA to form panhandlelike structures is characteristic of Bunyaviridae (19, 38) and other negative-stranded RNA viruses (47, 54) . In a similar manner (47, 54) , the 5Ј/3Ј-terminal panhandle-like structure of hantaviruses with the mismatch at position 9 could play a role in polymerase binding and regulation of virus RNA transcription and replication.
Despite the fact that hantavirus S genome segments are generally less variable, the present analysis seems to provide additional insights into the phylogenetic relationship of the seven hantaviruses comprising the Argentinian/Chilean clade. Most of the phylogenetic reconstructions (MP with different weighting schemes, NJ, QP, and ML) place the LEC, BMJ, ORN, and Hu39694 virus genotypes together in a well-supported subclade (i.e., a smaller clade within the Argentinian/ Chilean clade), with LEC and BMJ being the most closely related (Fig. 1A to C) . The only exception is observed in the MP analysis when the third base positions of the N gene ORF are excluded; the ORN genotype switches closer to the AND virus (Fig. 1B) . However, due to the nature of this particular analysis (i.e., absence of the most common neutral third-base substitutions), credible phylogenetic resolution (reliable bootstrap support) is not provided for the grouping of the closely related genotypes within the clade of Argentinian viruses (although the data shown in Fig. 1C suggest an ancestral link of the "LEC-like" genotypes and AND virus). In fact, the analysis FIG. 2. Phylogenetic relationships of the two novel virus genotypes from Brazil, ARA (GenBank accession number AF307325) and CAS (AF307324), to the Argentinian/Chilean viruses examined in the present study. A phylogenetic tree was generated on the basis of nucleotide sequence differences in the 643-nt region of the N gene ORF, which is available for these Brazilian viruses. ML analysis was conducted by using the heuristic search option and the default ML settings of PAUP* version 4b8. The lengths of horizontal branches represent numbers of substitutions per site between corresponding taxa (see scale bar). Vertical branches are for visual clarity only. Bootstrap values of greater than 50%, obtained from 1,000 replicates of the ML analysis, are shown at the appropriate branch points. Argentinian/ Chilean virus genotypes are in italics, and two novel Brazilian genotypes are in boldface.
without third-base positions was conducted to better resolve the phylogenetic relationships among the four major clades of the New World hantaviruses mentioned in Results.
All of the LEC-like virus genotypes are hosted by the Oligoryzomys sp. rodents from both northwestern (BMJ, associated with O. chacoensis, and ORN, associated with O. longicaudatus) and central (LEC, associated with O. flavescens) Argentina. This observation is consistent with the hypothesis that cospeciation of hantaviruses with their specific rodent hosts is a predominant pattern in the evolution of these viruses (15, 30, 33, 38, 39 Visual comparison of the M (23) and S (present study) genome segment-based phylogenetic trees suggests that genetic reassortment has not occurred between the individual Argentinian/Chilean virus genotypes. However, no definite conclusions can be drawn at this time, as the previously described phylogenetic analysis based on the partial M genome segment sequences (23) does not clearly resolve the phylogenetic relationship of Argentinian virus genotypes.
Phylogenetic analysis shows that the next closest relatives to the Argentinian/Chilean virus genotypes are the RM virus from Bolivia (78 to 80% nucleotide sequence similarity to the genotypes of the Argentinian/Chilean clade) and the LN virus from Paraguay (77 to 79% similarity). The RM and LN viruses are placed together, although their hosts belong to two different tribes of sigmodontine rodents. Therefore, association of the RM virus with the oryzomyine rodent O. microtis is likely to represent a host-switching event (17, 39) . However, such a conclusion calls for further confirmatory study of this particular previously described virus-host association (1, 14) .
Although with modest bootstrap support, two recently described human HPS case-derived virus genotypes from Brazil (18) consistently fall into two separate subclades of the Argentinian/Chilean viruses (Fig. 2) . The rodent hosts of these viruses are still unknown. Based on the present analysis, one can predict that these might be akodontine and oligoryzomyine rodents for the ARA and CAS genotypes, respectively. It is noteworthy that this is the first piece of evidence suggesting, although indirectly, that akodontine rodent-borne viruses can cause HPS. Some caution should be exercised, however, as the emerging picture of the genetic diversity, geographic distribution, and host association of the South American hantaviruses appears to be quite complex (15, 33, 39) . Our present data support preliminary conclusions recently drawn by Plyusnin and Morzunov (39) . Cospeciation remains a dominant force driving the evolution of South American hantaviruses, as evidenced by the compact phylogenetic grouping of the majority of Oligoryzomys-borne virus genotypes, as well as by the phylogenetic grouping of the akodontine rodent-borne MAC and PRG viruses.
Conversely, factors that are known to occasionally disrupt cospeciation patterns (such as high rodent genetic diversity and sympatric coexistence of closely related rodent species) (15, 30, 33, 39) seem to play a prominent role as well. Two pieces of evidence in this study support this conclusion. A clearly "territorial" phylogenetic grouping of the akodontine rodentborne virus genotypes in one clade with the Oligoryzomysborne viruses in Argentina suggests an ancient host-switching event by the ancestor of the PRG and MAC viruses. In addition, the grouping of the Oligoryzomys-borne RM virus with the phyllotine rodent-borne LN virus strongly indicates a hostswitching event.
There is no question that an evaluation of more rodent samples from different countries, and possibly the identification and characterization of new hantavirus genotypes, is required to complete the characterization of the phylogenetic relationships among South American hantaviruses, the taxonomic status of the different virus lineages, and their association with particular rodent host species. As mentioned above, the virus genotypes comprising the Argentinian/Chilean clade apparently display a degree of genetic diversity on both the nucleotide and amino acid levels very similar to that previously observed among the North American SN-like virus genotypes (30) . However, there is a remarkable difference between the observed host ranges of these two groups of viruses. The SNlike genotypes are associated with closely related species or distinct subspecies of the same species of Peromyscus rodents. On the contrary, Argentinian/Chilean viruses (i.e., LEC-like virus genotypes, AND, MAC, and PRG) are harbored not only by several Oligoryzomys species but also by akodontine rodents. One explanation for this fact could be that rapid adaptive radiation of the ancestral oryzomyine rodents in South America (15, 39) has not yet resulted in significant changes on the cellular level, thus restricting evolution of the hantavirus N protein. Consequently, a 7% cutoff level for protein diversity (one of the hantavirus species recognition criteria established by the International Committee on Taxonomy of Viruses) might not serve as a reliable hantavirus species designation criterion for the South American hantaviruses. In addition, considering the possibility of host switching for the ancestor of the MAC and PRG virus genotypes, one should be cautious not to make any decisions on the taxonomic status of any of the virus genotypes mentioned above until additional data are collected.
